We study the heteroepitaxial growth of thin layers by means of the modied phase-eld model with the incorporated anisotropy. The inuence of elastic and surface energies on the layer growth is considered. For numerical solution of the model, an explicit numerical scheme based on the nite element method is employed. The obtained computational results with various anisotropy settings demonstrate the anisotropic thin-layer pattern growth.
Introduction
Heteroepitaxy is an important technology for the contemporary electronic and photo-electric devices. Understanding the physics underlying heteroepitaxial growth is crucial for development of new technologies.
It is well known that epitaxially deposited lms can undergo the AsaroTillerGrinfeld instability [1] which depends on the competition between surface and elastic energies.
In addition to the inuence of strain, the experimental studies show that anisotropic surface energy plays an important role as well. A dense array of pyramids has been observed, e.g. in experiments on Si/Ge [2] and SiGe/Si [3] . In agreement with such observations, we extend the phase eld model discussed in [4, 5] by incorporating the anisotropy in surface energy by means of the Finsler geometry as in [6, 7] .
Description of the model
Within the context of epitaxy, consider the system consisting of solid and vapor phase. The spatial position of phases and of the transition region between them are described by the phase-eld function p = p(t, x) which attains the values 1 in the solid, 0 in the liquid, and values in between throughout the transition layer. In what follows, the Einstein summation is used.
The isotropic phase-eld model for heteroepitaxial growth discussed in [4, 5] has the form
where k is the inverse mobility, ρ the solid-phase density, C 1 is the surface tension, ξ is the diuse-interface thickness, ij = 
The stress tensor σ ij in the elastic energy density is expressed by the Hooke law with the lattice mist 
with corresponding boundary conditions given in Sect. 3.
The anisotropic surface energy is incorporated into the model by means of the framework introduced in [6] and used in, e.g. [7, 8] . For this purpose a continuous func- Using function Φ, we dene the anisotropic operator T :
where the DΦ = ∂ η 1 Φ, ∂ η 2 Φ is the total dierential of Φ. Operator T modies the gradient ∇p with respect to its direction when η being substituted by ∇p.
This allows to suggest the anisotropic form of Eq. (2.1)
for the thin-layer growth as
endowed with the corresponding boundary and initial (520) 
and is solved in the spatial domain (0, 1)×(0, 1) and in the time interval (0, T m /τ ). Computational results are then re-scaled back to real variables and presented in Sect. 3.
Computational results
The system of model equations is solved in the square SiGe/Si system as in [3] and are summarized in the Table. TABLE Parameters of the SiGe/Si system.
Parameters
Real values We assume that the surface energy has the cubic anisotropy characterized by the following function: properly.
